Only about 19 Galactic and 25 extra-galactic bona-fide Luminous Blue Variables (LBVs) are known to date. This incomplete census prevents our understanding of this crucial phase of massive star evolution which leads to the formation of heavy binary black holes via the classical channel. With large samples of LBVs one could better determine the duration and maximum stellar luminosity which characterize this phase. We search for candidate LBVs (cLBVs) in a new galaxy, NGC 7793. For this purpose, we combine high spatial resolution images from two Hubble Space Telescope (HST) programs with optical spectroscopy from the Multi Unit Spectroscopic Explorer (MUSE). By combining PSF-fitting photometry measured on F547M, F657N, and F814W images, with restrictions on point-like appearance (at HST resolution) and Hα luminosity, we find 100 potential cLBVs, 36 of which fall in the MUSE fields. Five of the latter 36 sources are promising cLBVs which have M V ≤ −7 and a combination of: Hα with a P-Cygni profile; no [O i] λ6300 emission; weak or no [O iii] λ5007 emission; large [N ii]/Hα relative to H ii regions; and [S ii] λ6716/[S ii] λ6731 ∼ 1.
INTRODUCTION
Luminous Blue Variables (LBVs), also known as S Doradus variables 1 , constitute a rare and poorly-understood phase in the lives of massive stars. This phase is characterized by episodic mass eruptions, very high luminosities 2 , the highest mass loss rates among all observed stars 3 , and significant photometric and spectroscopic variability. In the Hertzsprung-Russell (H-R) diagram, LBVs are located between the Main Sequence (MS) and the Humphreys-Davidson (H-D) luminosity limit above which only highly unstable objects are found. The lack of Red Supergiant stars of similar luminosity indicates that LBVs cannot evolve to the red, and if they try to, they probably become unstable. Only a limited population of LBVs in outburst phase have been found to the right of the H-D limit.
In the Milky Way and the Magellanic Clouds, LBVs are thought to be responsible for some extra-galactic non-SN transients (Van Dyk & Matheson 2012; Humphreys et al. 2017b ). Furthermore, the episodic mass loss of LBVs has been a reference point for interpreting the dense circumstellar material around Type IIn supernovae (SNe, Smith 2017) .
Open questions about LBVs concern the total amount of mass lost in a typical eruption and how it scales with initial mass and metallicity, the duty cycle and number of re-E-mail: awofford@astro.unam.mx 1 S Doradus is one of the brightest stars in the LMC and one of the most luminous known. Its absolute V-band magnitude ranges from -7.6 (1969) to -10 (1989 to -10 ( , van Genderen 2001 . Stars with S Dor like variability are called S Doradus variables. 2 Log(L/L )∼ 5.4 to ∼ 6.4 (Vink 2012) ; extinction-corrected Vband absolute magnitude, M V ≤ −7 mag (Humphreys et al. 2014) 3 For example, for Eta Carinae, M ∼ 10 −4 M yr −1 during the quiescent phase and M ∼ 10 −2 M yr −1 during the eruptive phase; (Humphreys & Davidson 1994) . peated LBV giant eruptions, and whether all stars or only a special subset suffer the LBV giant eruptions (Herrero et al. 2010; Smith 2017) .
In the classical "Conti scenario" (Conti 1975) , which assumes single-star evolution, LBVs are a short phase (10 4 − 10 5 yr, Herrero et al. 2010) in the lives of the most massive stars (M ZAMS ≥ 40 M ), which occurs immediately after Hcore exhaustion during the transition to He-core burning. In this scenario, it is the mass loss which occurs during the LBV phase which removes the H envelope of the star, transforming the star into an H-deficient Wolf-Rayet star. In this scenario, stars evolve on times scales of ≤ 3 − 4 Myr 4 and consequently do not have time to move far from their birthplaces. Thus, one would expect to find LBVs near young O-type MS stars, which observationally, are stars that appear to be clustered (Smith 2019) . However, LMC observations show that LBVs are more spatially dispersed than O-type MS stars, which has led Smith & Tombleson (2015) and Smith (2019) to argue that LBVs are likely the products of close binary evolution. This is because the larger spatial dispersion of LBVs can be explained by either SN kicks which move the LBVs far from their birthplace, or rejuvenation via mass transfer and mergers, which produce older massive stars at a time when the single O-type stars have disappeared. In the binary scenario, LBVs would be massive evolved blue stragglers, which in the H-R diagrams of star clusters are MS stars which are more luminous and bluer than stars at the MS turnoff point of the cluster. Note that Davidson et al. (2016) dispute the results of Smith & Tombleson (2015) and argue for the standard view of LBVs.
Not understanding LBV mass loss imprints large uncertainties in massive-star evolution models. In particular, the type of supernova explosion that the star will undergo and the final mass of the remnant black hole or neutron star (if any) cannot be predicted. In fact, the mass loss during the LBV phase is one of the primary uncertainties in the classical formation channel for heavy binary black holes (e.g. Belczynski et al. 2016) .
The lack of a complete LBV census prevents an accurate determination of the length of the LBV phase and the properties of stars in this unstable regime. Although cLBVs can be identified relatively quickly on the basis of their spectrum or luminosity, the identification of LBVs requires confirmation of the characteristic spectral and photometric variations. LBVs can be "quiescent" for decades or centuries during which they are indistinguishable from many other hot luminous stars. A key to understanding the peculiar instability of LBVs is their high observed luminosities, which often depend on uncertain distances. Much effort has been expended to identify new LBVs, with IR observations playing an important role in this regard. In particular, candidates have been identified via NIR spectroscopy and/or MIR imaging of circumstellar ejection nebulae (Clark et al. 2005 , and references therein). Table 1 summarizes the number of known Galactic and extra-galactic LBVs and cLBVs. The galaxies in which they are found sample a wide range of ionized-gas O/H ratios, i.e., 0.03 to 1.7 times the solar value. Trends between LBV properties and galaxy properties are difficult to investigate because i) bona-fide LBVs are incompletely characterized and ii) it is difficult to obtain multi-epoch spectroscopy for a sample of galaxies with a wide range of properties, at the spatial resolution which is necessary for such study.
Characterizing large samples of LBVs in different environments can provide valuable clues about their mass loss and evolution. Two HST programs, LEGUS (Legacy Extra-Galactic UV Survey, PID 13364, Calzetti et al. 2015) and Hα LEGUS (PID 13773, PI Chandar, Chandar et al., in prep.) offer a unique opportunity to search for cLBVs in new galaxies.
LEGUS is a Cycle 21 HST treasury program which obtained high spatial resolution (∼ 0.07") images of portions of 50 nearby (≤ 16 Mpc) galaxies, using the UVIS channel of the Wide Field Camera Three (WFC3), and broad band filters F275W (2704Å), F336W (3355Å), F438W (4325Å), F555W (5308Å), and F814W (8024Å), which roughly correspond to the photometric bands NUV, U, B, V, and I, respectively. The survey includes galaxies of different morphological types and spans a factor of ∼ 10 3 in both star formation rate (SFR) and specific star formation rate (sSFR), ∼ 10 4 in stellar mass (∼ 10 7 − 10 11 M ), and ∼ 10 2 in oxygen abundance (12 + log O/H = 7.2 − 9.2). Some of the targets in the survey have high quality archival images in bandpasses similar to those required by LEGUS, most of them from the Wide Field Channel of HST 's Advanced Camera for Surveys (ACS), and fewer of them, from ACS's High Resolution Channel (HRC). For the latter targets, LEGUS completed the five band coverage. The choice of filters was dictated by the desire to distinguish young massive bright stars from faint star clusters, to derive accurate star formation histories for the stars in the field from their CMDs, and to obtain extinction-corrected estimates of age and mass for the star clusters. Star and star-cluster catalogues have been released for the LEGUS sample and are described in Sabbi et al. (2018) and Adamo et al. (2017) , respectively. We note that the LEGUS data do not have the spatial resolution to visually resolve massive stars in close binary systems.
Hα LEGUS is a Cycle 22 program which obtained narrow-band, Hα (F657N) and medium band, continuum (F547M) images for the 25 LEGUS galaxies with the highest star formation rates, using the WFC3. The corresponding Hα observations reveal thousands of previously undetected H ii regions, including those ionized by stellar clusters and "single" massive stars.
In this paper, we focus on NGC 7793, the nearest LE-GUS galaxy of the Southern hemisphere. This galaxy was also observed by Hα LEGUS. Furthermore, we focus on the LEGUS field NGC 7793W, for which Adamo et al. recently secured ESO VLT MUSE (Bacon et al. 2010 ) spectroscopy with Adaptive Optics (AO) of two subfields (Della Bruna et al., subm.) . We combine LEGUS and Hα LEGUS photometry with MUSE spectroscopy to search for cLBVs in NGC 7793W. Candidate LBVs are defined by Smith (2019) as stars with similar luminosities and spectra to LBVs, often with circumstellar shells that indicate a prior outburst, but which have not yet been observed photometrically to undergo LBV eruptions.
We start by using the HST photometry to create a catalogue of potential cLBVs (hereafter, photometric cLBVs). We then identify the photometric cLBVs which are located within the MUSE fields. Hereafter, we refer to the latter as MUSE cLBVs. Note that the latter are still potential cLBVs. This work focuses on the MUSE cLBVs. We proceed to check if the HST coordinates of the MUSE cLBVs are coincident with those of sources in other catalogues of the LEGUS collaboration, in particular: O-type stars (Lee et al. in prep.) , compact star clusters (Hannon et al. 2019) , star clusters (Adamo et al. 2017) , and H ii regions (Della Bruna et al., subm.) . After this, we determine if the cLBV spectra are contaminated with light from nearby star clusters or H ii regions. Finally, we spectroscopically classify the MUSE cLBVs and identify the most promising cLBVs.
In Section 2, we describe the galaxy and its imaging and spectroscopic observations. In section 3, we present our catalogue of photometric cLBVs. In Section 4, we check if our sources have matches in other LEGUS catalogues. In Section 5, we spectroscopically classify the MUSE cLBVs. In Section 6, we discuss our results. Finally, we summarize and conclude in Section 7.
SAMPLE AND OBSERVATIONS

NGC 7793
NGC 7793 is a SAd flocculent spiral, with an inclination of 47 degrees. It is the nearest Southern-hemisphere galaxy in LEGUS, and one of the brightest galaxies in the Sculptor Group. The main properties of the galaxy are: Cepheiddetermined distance, 3.44 Mpc (Pietrzyński et al. 2010) ; color excess due to the Galaxy, E(B − V) = 0.017 mag (Schlafly & Finkbeiner 2011) ; stellar mass obtained from the extinction-corrected B-band luminosity and color information, using the method of Bothwell et al. 2009 , based on the mass-to-light ratio models of Bell & de Jong (2001) , M = 3 × 10 9 M ; galaxy-wide star formation rate calculated from the dust-attenuation corrected GALEX far-UV, adopting a distance of 3.44 Mpc, SFR=0.52 M yr −1 (Lee et al. Richardson & Mehner (2018) . (2) 
HST imaging
Two fields of NGC 7793 (E and W), which have a small overlap, were observed as part of the LEGUS and Hα LEGUS programs. In this work, we focus on NGC 7793W, for which we recently obtained MUSE spectroscopy.
We retrieved the individual ACS and WFC3 flc images of NGC 7793W from the Mikulski Archive for Space Telescopes and initially processed them on-the-fly with CalACS version 8.2.1 (14-Nov-2013, LEGUS ACS data), CalWF3 version 3.1.4 (09-Sept-2013, LEGUS WFC3 data), and 3.1.6 (15-Nov-2013, Hα LEGUS WFC3 data). These images have gone through the following corrections: bias-shift, crosstalk, bias-stripe, charge transfer efficiency, dark. We then ran As-trodrizzle 5 from DrizzlePac (STSCI Development Team 2012) on the flc images, one filter at a time. Astrodrizzle creates mask files for bad pixels and cosmic rays and drizzle-combines the input images using the mask files, while applying geometric distortion corrections, to create a "clean" distortion-free combined image. For our purposes, it was important to remove cosmic rays from the F658N and F547M flc files, prior to running dolphot.
In Table 2 , we provide a summary of the LEGUS and Hα LEGUS observations. The left panel of Figure 1 
MUSE spectroscopy
The MUSE data reduction is extensively presented in Della Bruna et al submitted. Here we provide a summary for the reader. NGC 7793W was observed on August 15 th 2017 as part of the MUSE AO Science Verification run, with programme ID 60.A9188(A). The data were acquired in wide Four exposures (each rotated 90 degrees with respect to the previous one), with a total of 2100 s on source, were acquired for each pointing. As the target fills the entire MUSE field of view, separate sky frames of 120 s exposure were also acquired in between science exposures (in an objectsky-object sequence).
The data were reduced with the MUSE ESO pipeline (Weilbacher et al. 2014, v2 .2), which performs standard calibrations (bias subtraction, flat fielding, wavelengthand flux-calibrations) as well as sky subtraction. The sky model is constructed on the separate sky frames by running the muse_create_sky task, and then subtracted from the science frame using the 'subtract-model' option in muse_scipost. The absolute astrometry of the resulting datacube is matched to the HST LEGUS observations (Calzetti et al. 2015) . On the final cube, we measure a seeing of 0.71" full-width at half-maximum at 4900Å.
For extracting the spectra of the individual photometric cLBVs, we use the astropy library of python, and an extraction diameter of 4 pixels or 0.8", i.e., slightly larger than the seeing of the MUSE observations.
In Figure 2 , we show an example of a cLBV MUSE spectrum with the system throughput curves of filters used in this work, overlaid.
CATALOGUE OF PHOTOMETRIC CLBVS
We expect cLBVs to have strong Balmer lines (particularly Hα, e.g., King et al. 1998) . Such lines can have P-Cygni profiles or be in pure emission if the P-Cygni absorption component is filled in by nebular emission (e.g., Grammer et al. 2015) . King et al. (1998) found an efficient method to iden- Figure 2 . System throughput curves of the seven filters which were used in this work (see Table 2 ). In order to show which strong emission lines are present in the band passes of the filters, we overlay the MUSE spectrum of photometric cLBV #9 in arbitrary flux units. The F814W filter includes the hydrogen Paschen series. tify cLBVs in nearby galaxies, based on deep, continuumsubtracted narrow-band Hα and [S ii] images. The cLBVs were selected as objects with extremely low [S ii]/Hα ratios and with coincident stellar objects in continuum images. Five of their most promising candidates identified by these criteria in M31 were subsequently confirmed by optical spectroscopy to show spectra similar to the previously identified M31 LBV, HS var 15. The latter five candidates also have much in common with B[e] stars.
In this work, we select potential cLBVs by combining images in the F547M, F657N and F814W filters, with restrictions of roundness, sharpness and Hα luminosity. In this section, we describe in detail how we select our sample of potential cLBVs.
Methodology.
Positions and fluxes for point-like sources were measured via PSF-fitting using the WFC3 and ACS modules of the photometry package dolphot version 2.0, downloaded on 2014 December 12 from the website http://americano. dolphinsim.com/dolphot/.
dolphot is a stellar photometry package that was adapted from HSTphot for general use. We performed the stellar photometry on the flc images with the cosmic rays flagged. In order to run dolphot we used a custom python script which was developed by co-author L. U.. Dolphot was run separately for the five LEGUS filters (F275W, F336W, F438W, F555W, F814W) and the two Hα LEGUS filters (F547M and F657N). The steps followed to find the cLBVs follow.
i) Select sources from the dolphot output with a signalto-noise ratio (SNR) > 4 in filters F547M and F657N, and in the intersection of sharpness = [-0.03 to 0.02] and roundness = [0.0 to 0.4]. This avoids selecting larger objects like compact clusters and non-localized Hα emission.
ii) Run TOPCAT (Taylor 2011) to find the intersection between F547M, F657N, and F814W point sources using a 2-dimensional Cartesian search, such that the error in the distance between sources is less than 0.5 pixels 6 .
iii) Remove sources which are within 3 pixels from the edges of the images using a routine developed by co-author D. T. iv) Use the F547M and F814W images to determine the continuum and subtract it from the F657N image, for each cLBV. Compute the continuum subtracted Hα luminosity. For the previous two steps we used a routine developed by co-author J. L.. v) Select all remaining sources with an Hα luminosity of log(L(Hα) [erg s −1 ])≥ 35, which is the 5-σ detection threshold for a point source.
Following these steps, we find ∼100 potential cLBVs (hereafter, less conservative approach). We can also apply a more conservative approach by requiring in step (ii) a SNR>4 in all five LEGUS and two Hα-LEGUS filters, which yields 76 potential cLBVs. In Figure 3 , we compare the samples of potential cLBVs obtained with the conservative approach (left panel) and less-conservative approach (right panel) in magnitude-color diagrams. We show F547M -F657N, where F657N is not continuum subtracted, on the y-axis, and F657N line , which is continuum-subtracted, on the x-axis. In both panels, sources which are 5-σ above the Hα detection threshold for a point source are located to the left of the vertical dashed line. The top cloud of unfilled circles in the right panel (which is not present in the left panel) corresponds to sources with non-detections in the UV, U, and/or B filters. In this work, we adopt the less conservative approach and call the potential cLBVs selected via the less conservative approach, photometric cLBVs.
Since the selection was not performed using the LEGUS stellar catalogues, we compare our catalogue of photometric cLBVs against the v2 stellar catalogue of Sabbi et al. (2018) . All photometric cLBVs have matches in the catalogue of Sabbi et al. (2018) . In addition, by comparing the F555Wband magnitudes of Sabbi et al. (2018) and this work, we find mean and median percent errors of 0.02 and 0.005, for the entire sample of photometric cLBVs, respectively 7 . This indicates that the magnitudes from both catalogues are in very good agreement.
A cLBV must have spectroscopic similarities with bonafide LBVs. Thirty six of the photometric cLBVs fall in the MUSE fields. The MUSE cLBVs are shown with red squares in Figure 3 . The latter figure shows that the Hα-brightest photometric cLBVs are outside of the MUSE field of view. Right. Similar to the left panel but we use the less conservative approach, which is the one adopted in this work. 
Color-color diagrams
Extinction due to dust
For massive stars, the standard procedure to correct for extinction due to dust intrinsic to the galaxy is to fit a stellar atmosphere model to the observed stellar spectrum in order to find the intrinsic spectrum of the star. It is by comparing the intrinsic spectrum to the observation that one finds the value of the extinction. It is beyond our goal to fit stellar atmosphere models to the MUSE cLBVs and find the intrinsic extinction using this method. Thus, we do not correct the observations for intrinsic extinction. As shown in Section 5, this does not prevent us from finding promising cLBVs in this work. In Table A1 of the appendix, we provide the extinction un-corrected photometry of the MUSE cLBVs. Note that Kahre et al. (2018) provide extinction maps for NGC 7793W. Their extinctions span a range between A(V) = 0 − 1 peaking around 0.5 mag.
V-band magnitude
An object more luminous than M V ∼ −7.0 is unusual and therefore a good LBV candidate. However, the latter objects can also be hypergiants (Clark et al. 2012) . After the extinction correction, the confirmed LBVs in M31 and M33 have M V ≤ −7 (Humphreys et al. 2014) . We found 24 photometric cLBVs with extinction-uncorrected V-band magnitudes such that, M V ≤ −7. These would be even brighter after the extinction correction. Unfortunately, only seven of these are in the MUSE fields, as summarized in Table 3 , where column 1 gives the ID of the MUSE cLBV and column 2 gives the extinction-uncorrected V-band magnitude. In Table 3 , the MUSE cLBVs are sorted in order of decreasing luminosity (most luminous at the top). Since the brightest "normal" blue supergiant stars are at M V ∼ −6.0 or slightly brighter, it is likely that most objects with such magnitudes are normal supergiants. All sources in Table 3 are spectroscopically classified as described Section 2.3.
Color-magnitude diagrams
We looked at the CMD positions of our photometric cLBVs relative to the bona-fide LBVs of M33 which are plotted in figure 5 of Clark et al. (2012) . The result is shown in Figure 5 , where we put our cLBVs at the distance of M33, i.e., 964 kpc (Clark et al. 2012) . We overlay PARSEC v1.2S stellar tracks (Bressan et al. 2012; Tang et al. 2014 ) for various initial stellar masses, a metallicity of Z = 0.005, and a Salpeter Initial Mass Function, using the photometric system of Maíz Apellániz (2006) and Bessell (1990) . We attribute the spread of the photometric cLBVs in the diagrams to a combination of extinction and evolutionary phase. The MUSE cLBVs with IDs 1 to 7, i.e., the ones with M V ≤ −7, fall in the region of M33 LBVs. In conclusion, our method for finding potential cLBVs via an Hα excess works. We note that a few of the sources with log(L(Hα))<35 (black open circles) are also close to the bona-fide LBVs of M33 in Figure 5 . This is due to the arbitrary cut at log(L(Hα))<35. , subm.) . We also look for members of the above catalogues which are located within the radius used for the spectral extraction and which contaminate the cLBV spectra.
MATCHES WITH SOURCES IN LEGUS CATALOGUES
Search radii
The coordinates of a given source in the different HST images can be off by a distance of up to 0.5 pix or 0.02", which at a distance of 3.44 Mpc yields 0.3 pc. We use 0.5 pix as the search radius to find matches between the coordinates of the MUSE cLBVs and candidate O-type stars. The radius used to extract the photometry of LEGUS star clusters in NGC 7793 is 5 pix or 0.2" (3 pc). We use 5 pix as the search radius to find matches between MUSE cLBVs and star clusters. The comparison is performed with TOPCAT. The seeing of the MUSE observations is 0.8". We use 0.4" as the search radius to find contaminants to the cLBV spectra.
Candidate O-type stars
In their preliminary catalogue, Lee et al. (in prep.) 
Star clusters classified by Hα morphology
Hannon et al. (2019) use the Hα− LEGUS images of three galaxies, including NGC 7793 to classify star-clusters younger than 10 Myr according to their H-alpha morphology. They use the classification scheme of Hollyhead et al. (2015) , who defined three classes based on the presence and shape of the Hα emission, which is similar to that of Whitmore et al. (2011): 1) concentrated, where the target star cluster has a compact H ii region and where there are no discernable bubbles or areas around the cluster which lack Hα emission (these are expected to be about 3 Myr old); 2) partially exposed, where the target cluster shows bubble like/filamentary morphology covering part of the cluster; and 3) no emission, where the target cluster does not appear to be associated with Hα emission. We check the overlap between our MUSE cLBVs and the concentrated clusters of Hannon et al. (2019) . We find no matches with concentrated clusters within a radius of 0.2", but we do find 5 matches with clusters of morphological type 2 and 3 within that radius. In addition, we find that no concentrated clusters contaminate the spectra of the MUSE cLBVs, although some clusters of morphological type 2 and 3 do contaminate them. This is summarized in columns 7 and 8 of Table 3 , which give the morphological type of the star clusters found Clark et al. (2012) . To convert to absolute magnitudes we use a distance modulus, µ=24.92 (Bonanos et al. 2006) . We overlay our photometric and MUSE cLBVs at the distance of M33. The cyan filled circles represent photometric cLBVs outside of the MUSE fields. The red squares represent MUSE cLBVs. The black unfilled circles represent sources with the same selection criteria as the photometric cLBVs but with lower Hα luminosities. The IDs of the five strongest cLBVs are highlighted in yellow. We overlay Padova tracks for various initial stellar masses and a metallicity of Z = 0.005 (see text for more details). Circles of different colors along the tracks correspond to the stellar ages (years) in logarithmic scale which are given in the colorbar. Left. F438W (B) -F555W (V) versus F555W. Right. F555W -F814 (I) versus F555W. The arrow represents the extinction vector corresponding to A(V)=1.
within a radius of 0.2" form the MUSE cLBVs. The additional clusters found within a radius of 0.4" are marked with asterisk. Note that two independent sets of evolutionary tracks, Padova and Geneva, were used in Hannon et al. (2019) to find clusters with ages of less than 10 Myr. These yield slightly different numbers of such clusters, which explains the case of cLBV #27, with no matching clusters according to Padova and one matching cluster according to Geneva.
Star clusters
Adamo et al. (2017) Krumholz et al. (2015) to determine the ages, masses, and extinctions of clusters in NGC 7793 using cluster-SLUGS; Grasha et al. (2017) to investigate the hierarchical clustering of the YSCs; Grasha et al. (2018) to study the relationship between giant molecular cloud properties and the associated star clusters; and Hannon et al. (2019) to study the Hα morphology of star clusters. The LEGUS cluster catalogues can be found here: https://archive.stsci. edu/prepds/legus/dataproducts-public.html. We find 11 matches between the MUSE cLBVs and star clusters within a radius of 0.2" and three additional cases where clusters are located within a radius of 0.4", i.e., contaminate the cLBV spectra. In Table 3 , columns 9 and 10 give the ages of the matching/contaminating star clusters, where the additional clusters found within a radius of 0.4" are marked with asterisk. Those ages are based on two different sets of solar-metallicity stellar evolution tracks (as no other metallicity is currently available for NGC 7793). We remind the reader that according to single-star evolution, clusters of ∼5 Myr and older are too old to host LBV stars. Seven of the twelve contaminating star clusters are 5 Myr or older. As will be shown in the next section, the rest of the contaminating clusters are around cLBVs with signatures of the presence of W-R stars. Interestingly, Table 3 shows that six of the candidates with M V ≤ −7 have no contaminating star clusters. This is discussed in the context of the binary formation scenario of LBVs in section 6.1.
H ii regions
The H ii region selection is presented in Della Bruna et al. (subm.). We provide below a concise description. Della Bruna et al. identify H ii regions by constructing a hierarchical tree structure on the MUSE Hα flux map. To do this, they use the python package ASTRODENDRO 8 . As input data for the algorithm, they use a flux map obtained by integration of the continuum-subtracted cube in the rest frame wavelength range 6559 − 6568Å. They assume a Gaussian background for the diffuse Hα radiation and compute the hierarchical tree down to 10 sigma above the background mean. They select all leaves of the structure and also the branches that enclose the largest H ii regions, inside of which the algorithm identifies resolved sub-peaks as distinct leaves. Therefore, they do not use any fixed aperture to define the H ii regions. They also look at BPT (Baldwin et al. 1981) diagrams ([S ii]/Hα and [N ii]/Hα) to assess that the candidate regions are consistent with being photoionized and to exclude potential contaminants (e.g planetary nebulae and supernova remnants).
In Figure 6 , we show the H ii regions map of Della Bruna et al.. We overlay and identify our 36 MUSE cLBVs. We include MUSE cLBVs which are located at the edges of the Hα map because their MUSE spectra do not seem to suffer from any artifacts. We visually check if the MUSE cLBVs are located within H ii-region contours in Figure 6 and find 22 MUSE cLBVs where this is the case. Column 11 of Table 3 summarizes these results.
Candidates #1 and #2 are located outside H ii regions and candidate #3 is in a small H ii region which is isolated from the large H ii region complexes which are shown in Figures 6 and 1. The HST postage stamps of the latter cLBVs are shown in Figure 7 , which confirms the findings just described.
SPECTRAL CLASSIFICATION OF MUSE CLBVS
Here we discuss the spectral classification of the 36 potential cLBVs in the MUSE fields. For all MUSE cLBVs, Figures 7,   8 , 9, and 10, show postage stamps and optical spectra in spectral windows of interest. The IDs of the candidates are given in the upper-right corner of the postage stamps. In  Figures 7, 8, and 9 , we skip the MUSE cLBVs which show broad He ii λ4686 emission. The latter sources are shown in the last seven rows of Figure 10 and discussed in the context of W-R stars. For each MUSE cLBV, Table 4 provides a summary of the spectroscopic measurements which we discuss in this section.
Most promising MUSE cLBVs
There is no consensus on how to spectroscopically classify an object as a candidate LBV. In general, candidate LBVs show strong Balmer and/or optical He i emission lines, typically (but not always) with P-Cygni like profiles. The appearance is not unlike what we see in some Type IIn supernovae, with narrow Balmer emission atop a broader base (King et al. 1998 ).
As previously shown, candidates LBVs #1 to #7 have photometric properties which are compatible with known properties of LBVs. Among the latter, only candidate #2 shows Hα with a P-Cygni like profile. The profile is shown in Figure 11 . The other strong candidates show Hα in pure emission.
The spectral resolution of the MUSE observations in the Hα region is FW H M ∼ 120 km s −1 . We do not detect a broad Hα component in emission for cLBVs #1 to #7. For cLBVs, typical values of the full width at half maximum (FW H M) for the narrow component of Hα are in the range 100 − 200 km s −1 (Humphreys et al. 2017a) . We measure the FW H M(Hα) values of the MUSE candidates. For this purpose, we fit one or more Gaussians to Hα, depending on the presence of components in broad emission and/or absorption. The results are shown in column (2) of Table 4 . We find values between 119 and 155 km s −1 , as shown in the min and max rows of column (2). Only the sources with values above 120 km s −1 are resolved. The latter sources are within the upper limit of the expected range.
Unfortunately, the strongest He i line in the optical, He i λ5876, falls in the AO laser gap of the MUSE observations and thus was not observed. For this reason, we look at He i λ6678. As shown in column 3 of Table 4 , among MUSE cLBVs #1 to #7, He i λ6678 emission is only observed from #4 and #5. The He i λ6678 line is shown as an inset in the rightmost panel of Figures 7 to 10 .
Candidate LBVs may also show optical emission lines or P-Cygni like profiles of Fe ii and Fe iii and are generally distinguished by these "unusual" features from other Hαbright objects. Examples of these lines in cLBVs can be seen in Castro et al. (2008) . We attempted to remove the background light from the spectra of the candidates to see if we could detect faint features in their spectra. For this purpose, we computed the background from a ring around the candidate, which had an inner radius equal to 3/2 times sigma, where sigma is the standard deviation of the Gaussian which we fitted to the radial profile of the candidate's MUSE continuum-subtracted Hα emission. The ring had a width of one pixel. We found the median spectrum of all pixels within the ring and multiplied it by the number of pixels within the area of extraction of the cLBV spectrum. Background subtraction using this method was difficult because b Absolute F555W magnitude in ascending order (most luminous at the top). The two cases where the source is undetected in F555W but is detected in F547M are marked with asterisks in the column. In those cases, we give the F547M value. The error in the absolute magnitude includes the photometric and distance modulus error. The error in the distance modulus is 27.68 ± 0.05 mag (Pietrzyński et al. 2010 ). c Hα luminosity in erg s −1 (uncorrected for reddening), in logarithmic scale, calculated from the PSF-photometry. The error in the luminosity includes the photometric and distance modulus errors. The F657N filter includes the [N ii] lines. d Number of candidate O-type stars within a radius of 0.4", including the candidate within a radius of 0.02". e Morphological type of contaminating star cluster as defined by Hannon et al. 2019 (2=partially exposed. 3=no Hα) . Only clusters with ages of 10 Myr according to the Padova or Geneva models are considered in Hannon et al. (2019) . Asterisk= clusters within a radius of 0.4" of the cLBV and outside a radius of 0.2". f Ages (in Myr) of contaminating star clusters in the catalogue of Adamo et al. (2017) , based on the Padova or Geneva models. Asterisk= star clusters within a radius of 0.4" of the cLBV and outside a radius of 0.2". g Contamination by H ii regions. 1=MUSE cLBV is within an H ii region contour. 0=MUSE cLBV is not within an H ii region counter (see text for more details).
the surrounding light is spatially inhomogeneous and can be brighter than the cLBV continuum. In the end, we decided not to do a background subtraction, except for sources #1 through #7, where there is not much evidence for Hα contamination from the surrounding area, and which seem dominated by very local emission line spectra. We detect no Fe lines in the spectra of candidates #1 to #7, even after subtracting the nearby light from the background in order to see fainter features. Humphreys et al. (2017a) recently published a comparison of luminous stars in M31 and M33 and how to tell them apart. According to their research, confirmed LBVs: i) do not have [O i]λ6300 emission lines in their spectra; ii) have [Fe ii] emission lines sometimes; iii) show free-free emission in the near-infrared but no evidence for warm dust; and iv) show S Dor-type variability (this is the most important and defining characteristic). As can be seen in column 5 of Table 4, only candidates #4 and #5 show [O i]λ6300 emission in their spectra. As shown in column 4 of the same table, these two same candidates show He ii emission. Hereafter, we exclude cLBVs #4 and #5 from our list of strong MUSE cLBVs. Humphreys et al. (2017a) also say that cLBVs should share the spectral characteristics of confirmed LBVs with low outflow velocities (measured from the absorption component of the P-Cygni profile) and the lack of warm circumstellar dust (excess at 3.5 and 8 microns reveal the presence of warm circumstellar dust). Luminous Blue Variables are well known to have low wind speeds of 100 to 200 km s −1 during their eruptions or maximum light phase and LBVs in quiescence are typically 50 to 100 km s −1 . Candidate LBV #2 has a P-Cygni profile in Hα with a an absorption minimum which is blueshifted by 222 km s −1 . We do not have either infrared data at the required spatial resolution to check for the lack of circumstellar dust. For something to be classified as an LBV, some people also require that there is an Hα+[N ii] shell nebula, which is suggestive of a previous giant eruption. We do not have the spatial resolution to observe such shell. Smith et al. (1998) used the Faint Object Spectrogaph on HST to study the nebulae around the known LBVs, R127 and S119, in the LMC. The spectra of these nebulae show strong [N ii], possibly due to N enrichment, relative to H ii regions, and that the electron density is high, with the [S ii]6716/[S ii]6731 ratio near ∼ 1. We measured this ratio for the MUSE cLBVs.
Another characteristic of LBVs is that their [O iii] λ5007 is generally low relative to that of H ii regions. In order to use this fact as a tracer of cLBVs, one has of course to consider the metallicity gradient of the galaxy being studied and that presumably, the [O iii] λ5007 strength varies as the star cycles between hot and cooler phases.
We report our measurements of the line flux ratios, Table 3 shows that about 2/3 of the MUSE cLBVs have spectra which are contaminated by H ii regions. Figure 7 and column 6 of Table 4 show that cLBVs #1, #2, #3, #6, and #7 have weak or no [O iii] λ5007 emission relative to the mean of the column. Column 7 of Table 4 shows that cLBVs #1 and #2 have above average [N ii]6584/Hα ratios relative to the 36 MUSE cLBVs. This is consistent with the N-enriched shells around LBVs. Finally, column 8 of Table 4 shows that cLBVs #1 and #2 have below average [S ii]6716/[S ii]6731 ratios of 1.22 and 1.11, respectively, similar to the shells studied by Smith et al. (1998) . In summary, we have found five strong cLBVs (#1, #2, #3, #6, and #7) among which #1 and #2 are the strongest.
A word of caution
Confirmed LBVs AG Car and R127 are Ofpe/WN9 stars when in their hot state. Thus, in principle, any Ofpe/WN9 star could become an LBV as far as we know. Of(pe)/WNh stars will show He ii λ4686 and strong [N ii] emission lines.
While all Ofpe/WN9 stars could be cLBVs, there are other stars that can be cLBVs. At the lower luminosity end, the S Doradus instability strip is at lower temperatures, so quiescent/hot LBVs (at visual minimum brightness) are not so hot, and they do not have He ii emission. Some do not even have He i emission, and some have pretty weak Balmer emission. In other words, having some criteria to select LBVs (like an Hα equivalent width stronger than some value, or the presence of an Ofpe/WN9 spectrum) will not produce a complete sample. There are some stars that might be dormant LBVs that will escape our criteria, especially at the lower luminosity end, i.e., at log(L/L )=5.3 to 5.8.
Candidate Wolf-Rayet stars
Classic W-R stars are the evolved descendants of massive stars with ≥ 25 M which have completely lost their outer hydrogen, are fusing helium in the core, and are characterized by dense, He-enriched winds, which show prominent broad emission lines of ionised helium and highly ionised nitrogen or carbon. The last seven rows of Figure 10 (rows with IDs in white) show the MUSE cLBVs with broad He ii λ4686 emission detections. Note that candidates #4 and #18 are too close to establish which of them is producing the He ii and N iii emission bumps which are observed in their spectra. Candidates #5, #10, #20, and #30 are also very close to each other. Their spectra, are characterized by an unusually-broad He ii emission profile. This unusual profile could be explained by mutual contamination of these sources, if several of them emit in He ii. Candidates #29 and #32 also show He ii and N iii emission bumps. For each MUSE cLBV, column 4 of Table 4 says which cLBVs show broad He ii λ4686 emission. In column 4 of Table 4 we identify the cLBVs with the unusually broad He ii profile with an asterisk.
Della Bruna et al. independently identified candidate W-R stars in NGC 7793W based on a MUSE He ii surface brightness map. We use the coordinates provided by the latter authors to check if we have candidate W-R stars in common. The candidate W-R stars which we have in common are identified with a dagger in column 4 of Table 4 . In Figure 10 2âȂİ. This corresponds to five HST pixels. Thus, the offset is within a distance of five random HST pixels from the HST centering. In four cases, we did not select the source as a photometric cLBV because the source failed to pass our roundness or sharpness criteria. However, in the case of WR5, we did not select it because after subtracting the continuum from the Hα filter, the source did not pass our Hα luminosity criterion.
DISCUSSION
6.1 Isolation of cLBVs Smith (2019) argued that LBVs are isolated from locations of star formation. As explained in the introduction, this would favor a binary formation scenario for LBVs. Table 3 shows that our five strongest cLBVs are at least 7 pc away in projection on the sky from young star clusters; and that three of them are outside of large H ii region complexes. Table 3 also shows that several candidate O-type stars are located within 7 pc of our top five cLBVs. Thus, at this point, we cannot conclude if our promising cLBVs are isolated from bona-fide O-type stars or not. Follow-up of these not yet confirmed LBVs could help determine the properties and fraction of LBVs that follow the binary channel.
cLBVs in other LEGUS galaxies
Two other LEGUS galaxies are sufficiently close to search for photometric cLBVs using the method presented in this work, NGC 1313 (4.39 Mpc, Calzetti et al. 2015) and NGC 4395(4.3 Mpc, Calzetti et al. 2015) . For NGC 1313 (southern hemisphere), we already secured optical spectroscopy with Gemini Multi-Object Spectrograph South. We had two masks designed for the NGC1313 field. The first mask got a total of 26 sources in the slits and the second one 19 sources. Both of them were observed in good conditions on Dec 1 and 12, 2018 (first mask) and Jan 1 and 4, 2019 (second one). We used a slit width of 0.75âȂİ. The analysis is underway. For NGC 4395 (northern hemisphere), we have failed so far to obtain observations with the OSIRIS MOS on Gran Telescopio Canarias. Since the 0.8" slit is larger than the HST spatial resolution (0.1 arcsec), contamination from nearby sources in the slit would need to be considered, as we did in the present work.
SUMMARY AND CONCLUSIONS
Bona-fide LBVs are extraordinarily rare, with only ∼44 known in 8 galaxies covering a wide range of metallicities and morphologies, including 19 in the Milky Way. Candidate LBVs are also rare, with about 124 known in 12 galaxies. The confirmed LBVs are incompletely characterized, because they require multi-epoch high-spatial resolution imaging and spectroscopy, spanning several decades. This is why searching for cLBVs in new galaxies with good quality data, such as the three nearest galaxies in LEGUS, is so important. Such observations are seminal in order to establish the maximum luminosity of LBVs and the duration of the LBV phase.
We combine WFC3 images of NGC 7793W in the F547M, F657N and F814W filters, with restrictions of roundness, sharpness and Hα luminosity, to produce a catalogue of potential cLBVs (photometric cLBVs). We focus on the subset of the latter sources which have MUSE spectroscopy, finding five strong cLBV candidates. Our five strongest candidates would benefit from follow up observations in order to be confirmed as bona-fide LBVs. In addition, we find three strong candidate Wolf-Rayet stars. Additional Wolf-Rayet stars have been found in the galaxy by other authors but they do not pass our selection criteria for the photometric cLBVs. At this point, we are unable to favor the binary formation scenario for LBVs. We note that the most luminous photometric cLBVs in NGC 7793 were not observed with MUSE AO and are worth following-up spectroscopically, along with photometric cLBVs in other LEGUS galaxies. . Postage stamps and portions of MUSE spectra of nine MUSE cLBVs whose ID is given in the upper-right corner of the postage stamp. The postage stamps are RGB composite images where blue corresponds to F275W + F336W, green to F438W + F814W, and red to F657N. At the adopted distance of 3.44 Mpc, 0.6" represent ∼10 pc. The markers are 10 pc in length and the images 120 pc on the side. Yellow tick marks correspond to other MUSE cLBVs in the field. The spectra are extracted from circular regions of 0.8" in diameter centred on the cLBVs. We present spectra which are corrected for extinction in the Milky Way and redshift. In the panel showing He ii, the dashed curve corresponds to a fit to the He ii continuum. The inset on the right-most panel shows an enlargement of the He i λ6678 line. The tick mark on the x-axis corresponds to 6678Å. 
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